Abstract An econometric model is developed to help explain uncertain yields from processes that generate inherently skewed outcomes. The yield is modeled as the interaction of potential and effort functions, where potential represents maximum yield that would be observed if the effort was infinite. The potential function is determined by some endogenous factors, and the effort function is determined by an exogenous input and allows for increasing and decreasing marginal returns to effort. A non-linear model incorporating these features is theoretically derived and empirically tested using data on outcomes from sales-tax audits. The results document the superiority of this model in capturing the underlying relationships, and provide a better out-of-sample fit to the data compared to two OLS models. The proposed model can be applied in various business and non-business settings.
Introduction
In this paper, an econometric model is proposed for evaluating factors affecting productivity when the output distribution is skewed. Examples of productivity problems characterized by a skewed output distribution include: yields from investments in the exploration and development of rarely occurring natural resources (e.g., oil and
The George L. Argyros School of Business and Economics, Chapman University, 1 University Drive, Orange, CA 92866, USA e-mail: sinha@chapman.edu gold); influence of equipment maintenance expenditure upon the distribution of time between failures; demand (sales) for a newly introduced product in diverse markets; and outcomes from regulatory tax compliance enforcement actions.
The model developed in the paper characterizes the inherently skewed outcome, or yield, as the interaction of two independent underlying processes-one that is endogenous to the event (potential) and one that is an exogenous input (effort). Potential is an unobserved variable and it represents the outcome that would be observed (yield), in principle, if the effort was infinite. Because the effort cannot be infinite in practice, the observed yield represents a fraction of the potential.
For instance, the oil extracted from any drilling site is a function of oil reserves for the site and the intensity of the drilling operations. Potential is the total oil reserves for the site, and effort measures the investment made in the exploration and development of a particular site. For the machinery maintenance example, potential can be thought of as the minimum time between failures that could be achieved with the most intense maintenance program possible, and effort would represent the intensity of the maintenance program. In the marketing setting, sales from any market segment (yield) is a function of demand for that particular good in that market (potential) and the intensity of the marketing campaign (effort) to grow the market share. In the case of tax compliance enforcement, the observed tax deficiency from an audit (yield) is a function of the extent of the underlying tax non-compliance (potential) and the intensity of auditing (effort).
The model developed in this paper captures the salient characteristics of the above processes by allowing for flexible potential and effort functions, as well as for the skewed nature of the observed yield. The model is empirically tested using data on tax deficiencies from audits conducted by a state revenue agency. The proposed model is compared against two conventional ordinary-least-squares (OLS) models in order to make a comparative evaluation of its performance in (a) capturing the relationship between the yields and its underlying determinants and (b) out-of-sample predictive ability. As a practical application, models are used as an aid to identify clusters of high yield firms in a holdout sample. On all these dimensions, the proposed model performs better than the two OLS models, making it a practical decision-making tool.
The econometric model
An exponential distribution is often a reasonable way of characterizing outcomes that have skewed distributions. Let y i denote the yield for observation i, where i = 1, 2 . . . n. It is assumed that y i is distributed exponentially with parameter α i . The density of y i given α i is: 
Thus, the mean and variance of y i are E[y i ] = 1/α i , and V [y i ] = 1/α 2 i . The expected yield for any observation i is specified as a product of the potential function (η i ) and the effort function (δ i ), as follows:
